All sequence files are available from the NCBI database (accession number of Bioproject: PRJNA278801/SRP056314).

Introduction {#sec001}
============

Ticks belonging to the genera *Ixodes* and *Dermacentor* (the family Ixodidae) are capable of transmitting a number of bacteria and viruses to humans, including causative agents of Lyme disease, rickettsioses, ehrlichioses, relapsing fever borreliosis, tularemia, Q fever, and tick-borne encephalitis \[[@pone.0131413.ref001],[@pone.0131413.ref002],[@pone.0131413.ref003]\]. In Western Siberia, *I*. *persulcatus* ticks are the main vector for tick-borne encephalitis and Kemerovo viruses \[[@pone.0131413.ref004],[@pone.0131413.ref005],[@pone.0131413.ref006]\] and many bacterial agents including *Borrelia burgdorferi* sensu lato, *B*. *miyamotoi*, "*Candidatus* Rickettsia tarasevichiae", *Anaplasma phagocytophilum*, *Ehrlichia muris*, and *Bartonella* spp. \[[@pone.0131413.ref007],[@pone.0131413.ref008],[@pone.0131413.ref009],[@pone.0131413.ref010],[@pone.0131413.ref011],[@pone.0131413.ref012],[@pone.0131413.ref013],[@pone.0131413.ref014]\]. *I*. *pavlovskyi* ticks inhabit the southern part of Western Siberia (Altai, Kuznetsk Alatau, and Salair mountains and foothill areas) and are responsible for transmission of infectious agents of Lyme disease and a tick-borne encephalitis virus \[[@pone.0131413.ref015],[@pone.0131413.ref016]\]. Since the beginning of this century, *I*. *pavlovskyi* ticks have been abundant in the green belts of the Novosibirsk and Tomsk cities, which are located more northward in the Western Siberian Plain, and currently, this tick species is more prevalent compared with the *I*. *persulcatus* ticks and accounts for 82 and 90% of the collected samples, respectively \[[@pone.0131413.ref017],[@pone.0131413.ref018],[@pone.0131413.ref019]\]. A third Ixodidae tick species, *Dermacentor reticulatus*, is abundant in Western Siberia and is involved in the transmission of etiological agents of human and animal tick-borne diseases, such as Omsk hemorrhagic fever virus, *B*. *burgdorferi* s. l., *Rickettsia raoultii*, *Bartonella quintana*, and *B*. *canis* \[[@pone.0131413.ref011],[@pone.0131413.ref014],[@pone.0131413.ref020],[@pone.0131413.ref021]\].

Recently, new microorganisms associated with human infections have been detected in different Ixodidae tick populations in the Asian region of Russia \[[@pone.0131413.ref006],[@pone.0131413.ref009],[@pone.0131413.ref012],[@pone.0131413.ref022]\]; however, it is likely that a number of infectious agents are still unknown. Currently, 16S profiling is among the most powerful tools for examining microbial communities. This method uses polymerase chain reaction (PCR) with primers specific to the conserved regions of 16S rRNA genes to obtain a set of the corresponding DNA fragments. High-throughput sequencing of the amplicons is performed using second-generation sequencing platforms \[[@pone.0131413.ref023]\]. Analysis of the 16S rRNA gene sequences allows for phylotyping of the prokaryotes, including the organisms unable to be cultivated \[[@pone.0131413.ref024]\], which is especially important when analyzing symbiotic communities. This approach has been successfully used to examine the *I*. *ricinus* microbiome and allowed for the detection of various infectious agents within this species, including *Borrelia* species, *Rickettsia* spp., *A*. *phagocytophilum*, *Ehrlichia* spp., and "*Candidatus* Neoehrlichia mikurensis" \[[@pone.0131413.ref025],[@pone.0131413.ref026],[@pone.0131413.ref027]\]. Methods including 16S profiling were also applied for examination of microbial diversity in *Amblyomma americanum*, the most commonly encountered tick species in the southeastern-central USA \[[@pone.0131413.ref028],[@pone.0131413.ref029]\], and it was found that some members of the bacterial community within *A*. *americanum* change during the tick life cycle. Furthermore, microbiomes from the salivary glands of *Ixodes ovatus*, *I*. *persulcatus* and *Haemaphysalis flava* ticks inhabiting Japan were examined \[[@pone.0131413.ref030]\]. This study indicated that bacterial communities in tick microbiomes were different between tick species \[[@pone.0131413.ref030]\].

*I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* are abundant in the green belts of large Siberian cities, agricultural areas, and popular tourist sites, and little is currently known about the bacterial communities associated with these ticks which are able to transmit a number of infectious agents and frequently attack people and home animals, so the goal of this study was to assess the taxonomic structure of *I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* microbiomes using high-throughput sequencing.

Methods {#sec002}
=======

Tick collection and sample preparation {#sec003}
--------------------------------------

Adult ticks were collected by flagging from three sampling sites in the Novosibirsk region of Russia ([Table 1](#pone.0131413.t001){ref-type="table"}). *I*. *persulcatus* ticks were flagged in site 1 (forest-steppe, Toguchin district); *I*. *pavlovskyi* and *D*. *reticulatus* ticks were flagged in sites 2 and 3, respectively (forest suburbs of Novosibirsk, Novosibirsk district). Coordinates of the sampling sites are presented in [Table 1](#pone.0131413.t001){ref-type="table"}. Each tick species dominated in the selected site. No specific permission was required for our activities in locations involved in the study. Our field activities did not involve endangered or protected species. Ticks were sampled from 24 April to 30 May 2012 during the peak activity period for these Ixodidae ticks. Live ticks were taxonomically characterized by microscopic analysis using standard taxonomic keys. The relative abundance was assessed as the number of ticks collected per 1 km. Before study, ticks were stored at -70°C. A total of 1214 ticks were used for this study (*I*. *persulcatus*, n = 414; *I*. *pavlovskyi*, n = 436; *D*. *reticulatus*, n = 364).

10.1371/journal.pone.0131413.t001

###### Library description.

![](pone.0131413.t001){#pone.0131413.t001g}

  Species                      *Ixodes persulcatus*             *Ixodes pavlovskyi*              *Dermacentor reticulatus*                                                                                        
  ---------------------------- -------------------------------- -------------------------------- ------------------------------ --------- --------- --------- --------- --------- --------- ---------- ---------- ----------
  Flagging site                Site 1                           Site 2                           Site 3                                                                                                           
  Site description             forest-steppe                    forest suburbs                   forest suburbs                                                                                                   
  Site coordinates             N55°01\'07\'\', E84°06\'41\'\'   N54°49\'21\'\', E83°06\'41\'\'   N54°53\'15\'\', E83°08\'45\"                                                                                     
  Sex                          male                             female                           male                           female    male      female                                                        
  Library name                 PersM.1                          PersM.2                          PersF.3                        PersF.4   PavlM.5   PavlM.6   PavlF.7   Pavl.F8   DermM.9   DermM.10   DermF.11   DermF.12
  Number of ticks in library   120                              120                              87                             87        120       120       98        98        89        88         94         93
  Number of reads in library   5168                             5806                             14043                          11884     12796     12999     19161     12466     5322      9372       12639      10992

DNA extraction and sequencing {#sec004}
-----------------------------

Before DNA extraction, ticks were washed in distilled water, 70% ethanol and distilled water as described previously \[[@pone.0131413.ref025]\]. Then ticks were grouped according to their species and sex; each group consisted of eight *I*. *persulcatus* or *I*. *pavlovskyi* males, or up to five *I*. *persulcatus*, *I*. *pavlovskyi* females, or up to five *D*. *reticulatus* ticks. Ticks within each group were frozen (30 min/ -- 80°C), macerated with a sterile micropestle, and total DNA was extracted using the Proba NK kit (DNA-technology, Russia) according to the manufacturer's instruction. This kit provides DNA extraction from 100 mkg specimen. Aliquots of DNA from each group were subsequently combined resulted in 12 pooled samples (persM.1, persM.2, persF.3, persF.4, pavlM.5, pavlM.6, pavlF.7, pavlF.8, dermM.9, dermM.10, dermF.11, and dermM.12) providing two biological replicates for each 'one species-one sex' combination. Each pooled sample included 88--120 males or 93--98 females ([Table 1](#pone.0131413.t001){ref-type="table"}).

The presence of bacterial DNA was assessed by PCR using primers that specifically amplified the hypervariable regions V3-V5 of 16S rRNA genes \[[@pone.0131413.ref024]\]. 10 ng of DNA was used as a template in PCR. To prevent contamination, we performed DNA isolation, PCR master mix assembly, and amplification in separate rooms. Aerosol-free pipette tips were used at each stage. We included negative control reactions with bi-distilled water in each experiment.

Fusion primers comprised of the fragment-specific 3' end, barcode, and adapter sequence for the Illumina MiSeq platform (Illumina) were used for amplification. The length of the amplified fragment was approximately 430 bp. Sequencing by paired-end reads with a read length of 250 nucleotides was conducted on the Illumina MiSeq platform at the Genomics Core Facility of the Siberian Branch of the Russian Academy of Sciences.

Data analysis {#sec005}
-------------

Paired-end reads from Illumina Miseq platform were assembled using Pandaseq v2.4. Reads containing more than six ambiguous bases were eliminated from the dataset \[[@pone.0131413.ref031]\]. The pooled samples were taxonomically characterized using the QIIME v. 1.7.0 software package \[[@pone.0131413.ref032]\]. Analysis included read clustering by the UCLUST software package with a minimum similarity coefficient of 97% \[[@pone.0131413.ref033]\]. Representative sequences for each operational taxonomic unit (OTU) were selected. Taxonomic classification for each representative was performed using the RDP classifier with 80% confidence \[[@pone.0131413.ref034]\]. Taxonomic trees were constructed using the MEGAN software package.

Hierarchical clustering, between-class analysis and diversity analysis were performed using the R programming language. Hierarchical clustering of pooled samples was performed using hclust and visualized as a heatmap. Diversity analysis was completed using the "vegan" package \[[@pone.0131413.ref035]\]. Between-class analysis was performed using the package "ade4" with euclidean and UniFRAC distances \[[@pone.0131413.ref036]\]. The Permutational Multivariate Analysis of Variance (PERMANOVA) function from package "vegan" was used to assess the effect of gender and species on taxonomic profiles. The permuted p-value was obtained by the Bray-Curtis dissimilarity measure for 10 000 permutations.

Results {#sec006}
=======

Bacterial diversity estimation {#sec007}
------------------------------

The 16S rRNA gene fragments used for phylotyping contained V3, V4 and V5 hypervariable regions. These regions allow for effective genus-level classification of bacteria \[[@pone.0131413.ref024],[@pone.0131413.ref037]\]. A total of 12 pooled samples were sequenced, resulting in twelve libraries. The number of reads per library was 6152 to 23 477 ([Table 1](#pone.0131413.t001){ref-type="table"}). To avoid biodiversity inflation caused by sequencing errors and PCR chimeras, all OTUs with single observation count were removed from data. In total, 25767 OTUs were singletons while 2802 OTUs were presented in two or more copies. DNA sequences from 726 OTUs were detected in the *I*. *persulcatus* ticks (520 in male ticks and 390 in female ticks); 2306 OTUs in the *I*. *pavlovskyi* ticks (1709 in males and 1316 in females); and 654 OTUs in the *D*. *reticulatus* ticks (474 in males and 437 in females). Extrapolated richness of the bacterial communities from the examined groups was assessed using chao and bootstrap estimators ([Table 2](#pone.0131413.t002){ref-type="table"}). Because of the different data volumes for each library, the samples were subsampled according to the read number in the smallest library. Shannon index and beta diversity index were calculated on rarefied data, as well. This estimation proved that the bacterial communities detected in *I*. *pavlovskyi* ticks were the most diverse, containing 2058 ± 232 OTUs and Shannon index of 3.86 ± 0.73. The *D*. *reticulatus* and *I*. *persulcatus* microbiomes were less diverse, comprised of 637 ± 65 OTUs (*H* = 2.01 ± 0.23) for *D*. *reticulatus*, and 773 ± 98 OTUs (*H* = 2.06 ± 0.27) for *I*. *persulcatus* ticks.

10.1371/journal.pone.0131413.t002

###### Diversity analysis.

![](pone.0131413.t002){#pone.0131413.t002g}

  Library number                         PersM.1                PersM.2               PersF.3                     PersF.4       PavlM.5       PavlM.6
  -------------------------------------- ---------------------- --------------------- --------------------------- ------------- ------------- -------------
  Tick species                           *Ixodes persulcatus*   *Ixodes pavlovskyi*   *Dermacentor reticulatus*                               
  Tick sex                               male                   female                male                        female        male          female
  **Per-group diversity statistics**                                                                                                          
  Number of OTUs per group               520                    390                   1709                        1316          474           437
  Number of OTUs after rarefaction       511                    252                   1233                        792           400           307
  Extrapolated richness (Chao)           699 ± 28               367 ± 24              1721 ± 47                   1182 ± 46     558 ± 27      404 ± 19
  Extrapolated richness (bootstrap)      598 ± 88               297 ± 47              1447 ± 214                  937 ± 146     470 ± 71      357 ± 51
  Shannon index (*H*)                    2.29 ± 0.06            1.83 ± 0.03           4.48 ± 0.05                 3.23 ± 0.24   2.18 ± 0.18   1.83 ± 0.05
  Beta diversity                         0.52                   0.56                  0.53                        0.57          0.53          0.49
  **Per-species diversity statistics**                                                                                                        
  Tick species                           *Ixodes persulcatus*   *Ixodes pavlovskyi*   *Dermacentor reticulatus*                               
  Number of OTUs per species             726                    2306                  654                                                     
  Number of OTUs after rarefaction       638                    1693                  532                                                     
  Extrapolated richness (Chao)           973 ± 46               2749 ± 89             849 ± 50                                                
  Extrapolated richness (bootstrap)      773 ± 98               2058 ± 232            637 ± 65                                                
  Shannon index (*H*)                    2.06 ± 0.27            3.86 ± 0.73           2.01 ± 0.23                                             
  Beta diversity                         1.56                   1.59                  1.28                                                    

Sample clustering and community structure {#sec008}
-----------------------------------------

To detect differences in microbiome structures among different tick species, hierarchical clustering and between-class analysis were used. The most frequently represented OTUs in the pooled samples were used in hierarchical cluster analysis based on a distance matrix ([Fig 1](#pone.0131413.g001){ref-type="fig"}). Between-class analysis based on the taxonomic composition demonstrated that the species-level differences in the examined samples are detectable within the first two variation components ([Fig 2](#pone.0131413.g002){ref-type="fig"}). The intra-species variation within samples from the *I*. *persulcatus* and *D*. *reticulatus* ticks were relatively small versus that of *I*. *pavlovskyi*. A strict separation of the studied tick groups according to the tick species criterion was observed. When using the PCoA analysis with weighted unifrac distance measures, the first two components account for 73.51% of the total variation and provide for a more strict separation of the groups ([Fig 2](#pone.0131413.g002){ref-type="fig"}). PERMANOVA analysis based on in-sample OTU amounts also indicates a strict separation in microbiome structure among these three tick species (F-stat = 5.323, df = 2, *p* = 0.02).

![Heatmap based on 30 mostly reprepreted OTUs.\
Heatmap was constructed using euclidean distance method for log-scaled in-sample taxon share values. Sample names on the X axis consist of tick species, sex and library number. OTU names on the Y axis contain OTU\'s lowest common ancestor name and unique integer OTU key.](pone.0131413.g001){#pone.0131413.g001}

![Between-class analysis plots for taxon-based distances.\
A) MDS plot based on PCA for 150 taxa with the largest share. Principal component analysis was performed using package "ade4" with data scaling and centering. B) MDS plot based on the UniFRAC distance. Calculation of UniFRAC distance was performed using QIIME package. First and second principal components describe 40.69% and 32.82% of total variance respectively.](pone.0131413.g002){#pone.0131413.g002}

Sex-specific differences in the studied microbiomes were detected. Using distance matrix with euclidean distances, it was shown that microbiome of *D*. *reticulatus* ticks was the most homogeneous across all pooled samples while the sex-specific differences within the *I*. *pavlovskyi* and *I*. *persulcatus* samples were more significant ([Fig 1](#pone.0131413.g001){ref-type="fig"}). Within-group variations across the studied samples were varied. The male *I*. *persulcatus* and female *D*. *reticulatus* groups displayed the least intragroup variation versus the male and female *I*. *pavlovskyi* ticks that had a considerably higher variation value. PERMANOVA analysis based on in-sample OTU amounts shows that sex-specific variations in microbiome structure were substantial in the *I*. *persulcatus* (F-stat = 11.841, df = 1, *p* = 0.042) and *I*. *pavlovskyi* samples (F-stat = 4.0852, df = 1, *p* = 0.042) and insignificant in the *D*. *reticulatus* samples (F-stat = 2.7301, df = 1, *p* = 0.333).

Taxonomic composition {#sec009}
---------------------

Occurrence of the detected taxa is shown on the MEGAN taxonomic tree ([S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}). The bacterial DNA sequences of Alpha- and Gammaproteobacteria types were prevalent in all of the assayed pooled samples with 30.2% and 60.8% average occurrence, respectively. The most abundant families were Rickettsiaceae (20.5%, on average, varying from 1.5% in *I*. *pavlovskyi* to 21.1% in *D*. *reticulatus* and 41.1% in *I*. *persulcatus*), Francisellaceae (16.7--55% in *D*. *reticulatus)* and Moraxellaceae (from 9% to 76% in *I*. *persulcatus*).

DNA sequences belonging to the bacterial genera *Acinetobacter* (Gammaproteobacteria, Pseudomonadales, Moraxellaceae) and *Rickettsia* (Alphaproteobacteria, Rickettsiales, Rickettsiaceae) were most abundant in all samples; however, the abundances of these groups in the *I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* bacterial communities varied considerably. *Acinetobacter* bacteria were prevalent in the female *I*. *pavlovskyi* (65.4%) and male *I*. *persulcatus* (45.6%) ticks and ranged from 8.8 to 31.3% in the microbiomes of the remaining tick groups ([Fig 3](#pone.0131413.g003){ref-type="fig"}, [S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}). In addition to *Acinetobacter* spp., other members of the order Pseudomonadales and families Moraxellaceae (*Enhydrobacter* spp., *Psychrobacter* spp., etc.) and Pseudomonadaceae (*Pseudomonas* spp.) were also detected. The occurrence of bacteria belonging to the genus *Rickettsia* was higher in the *I*. *persulcatus* (males, \~41%, and females, \~35%) and *D*. *reticulatus* (males, 18.5%, and females, 23.7%) ticks ([Fig 3](#pone.0131413.g003){ref-type="fig"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}), but considerably lower in *I*. *pavlovskyi* ticks, amounting to 2.5 and 3.8% in males and females, respectively. In addition, DNA from the Rickettsiales bacterium "Montezuma" was highly abundant (\~ 40%) in the microbiome of female *I*. *persulcatus* ticks, whereas its rate did not exceed 1% in male *I*. *persulcatus* ticks and other pooled samples ([Fig 3](#pone.0131413.g003){ref-type="fig"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}).

![Bar graph with the share of the 8 most represented taxa.\
Share of Rickettsiales order and Enterobacteriaceae family cover only hits that hadn\'t be included in the lower levels of these taxa.](pone.0131413.g003){#pone.0131413.g003}

Bacteria from the *Francisella* genus (Gammaproteobacteria, Thiotrichales, Francisellaceae) were prevalent in the microbiomes of *D*. *reticulatus* ticks, representing approximately 50% of sequences ([Fig 3](#pone.0131413.g003){ref-type="fig"}, [S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}), and were almost absent in the microbiomes of the *Ixodes* ticks. In addition to *Francisella* spp., *Francisella*-like endosymbionts \[[@pone.0131413.ref038]\] belonging to the family *Francisellaceae* were also detected in *D*. *reticulatus* ticks. The 16S rRNA gene fragments used in this study did not allow discrimination of pathogenic and non-pathogenic *Francisella* species.

DNA sequences of medically significant bacteria belonging to the genus *Borrelia* (Spirochaetes, Spirochaetales, Spirohaetaceae) were present in *I*. *persulcatus* and *I*. *pavlovskyi* ticks ([S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}). The selected 16S rRNA locus made it possible to assign borrelias to individual genetic groups. Both *B*. *burgdorferi* s. l. and *B*. *miyamotoi* were detected in the *I*. *persulcatus* and *I*. *pavlovskyi* ticks. No *Borrelia* spp. were found in the *D*. *reticulatus* ticks. Several pooled samples contained medically relevant bacteria from the family Anaplasmataceae (Alphaproteobacteria, Rickettsiales), although their occurrence was low ([S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}). DNA sequences from *Ehrlichia* spp. that were most similar to those of *E*. *muris* were detected in *I*. *persulcatus* and *D*. *reticulatus* ticks. *I*. *persulcatus* and *I*. *pavlovskyi* ticks contained *A*. *phagocytophilum* DNA; in addition, DNA sequences from *Candidatus* Neoehrlichia mikurensis were found in *I*. *pavlovskyi* male ticks.

Almost all pooled samples contained small amounts of DNA sequences from *Pseudomonas* spp., *Chryseobacterium* spp., *Acidovorax* spp., *Janthinobacterium* spp., *Sphingobacterium* spp., and other free-living saprophytic bacteria ([Fig 3](#pone.0131413.g003){ref-type="fig"}, [S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}). Presumably, these bacteria inhabit the tick chitin exoskeleton. Some animal and human symbiotic bacteria---*Bacteroides*, *Prevotella*, *Escherichia*, *Enterobacter*, *Bifidobacterium*, *Yersinia*, and others---were also detected in small amounts ([S1 Table](#pone.0131413.s002){ref-type="supplementary-material"}, [S1 Fig](#pone.0131413.s001){ref-type="supplementary-material"}).

In addition, DNA sequences from the bacteria belonging to the genus *Ricketsiella* recently classified as pathogens of arthropods were found in the *D*. *reticulatus* and *I*. *pavlovskyi* ticks \[[@pone.0131413.ref039]\]. These sequences were present in all *D*. *reticulatus* samples (0.01--0.9%) and males *I*. *pavlovskyi* samples (0.6--23.6%).

Discussion {#sec010}
==========

The microbiomes associated with ticks contain symbiotic and parasitic species as well as infection agents transmitted by ticks to their vertebrate hosts, whose pathogenicity for ticks is unknown \[[@pone.0131413.ref040],[@pone.0131413.ref041]\]. Here, we describe the biodiversity of the bacterial communities associated with the *I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* ticks that inhabit Western Siberia and frequently attack people and livestock in this region. Ticks were collected from three sampling sites, which are located within the Novosibirsk region and display similar climates typical for Northern forest-steppe area in Siberia. In these sampling sites, larval and nymphal stages of the studied ixodidae ticks are mainly fed on the northern birch mouse (*Sicista betulina*), the striped field mouse (*Apodemus agrarius*), the grey red-backed vole (*Myodes rufocanus*), the northern red-backed vole (*M*. *rutilus*), and the common shrew (*Sorex araneus*). These sampling sites were selected because each tick species was prevalent in the corresponding site and other ixodidae ticks were collected in solitary cases. The relative abundance of *I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* ticks in sampling sites 1, 2, and 3 in 2012 was 32.4, 31.8, and 41,9 individuals per km, respectively. Other ixodidae tick species were found in corresponding sampling sites in single cases.

More than 1200 ticks of three species were included in this study. To assess the bacterial communities associated with these tick species, 16S metagenomics profiling was performed on twelve pools--four pools for each species (two males and two females). Each pool contained 87--120 ticks. Such tick quantity increases result reliability for large-scale population studies. It should be noted that the prevalence of infectious agents in individual ticks inhabiting Novosibirsk region was studied earlier and it was found that the occurrence of certain infectious agents is low \[[@pone.0131413.ref009],[@pone.0131413.ref012],[@pone.0131413.ref014]\].

We detected both species- and sex-specific differences among the microbiomes of these three tick species. Different clustering algorithms demonstrated that the *I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* microbiomes differ in both their alpha-diversity levels and taxonomic structures. Taxonomic diversity of the symbiotic microbiomes in the studied ticks was relatively low when compared with that of higher animals and ecological systems. Notably, the symbiotic diversity of the *I*. *pavlovskyi* microbiomes exceeded that of the *I*. *persulcatus* and *D*. *reticulatus* ticks in a statistically significant manner. In addition to alpha-diversity, the examined microbiomes differed in their dominant species and abundances of various subdominants.

Each tick species was collected from a different sampling site associated with different microhabitats that could contribute to the variation in the studied microbiomes. However, these sampling sites are located in one geographic area with similar climate and reservoir host composition, so, we assume that at least a part of the differences among microbiomes of these tick species is species-specific. Earlier analyses of the microbial populations contained in the salivary glands of *I*. *ovatus*, *I*. *persulcatus* and *H*. *flava* ticks collected from the Shizuoka Prefecture of Japan indicated differential bacterial composition among these tick species \[[@pone.0131413.ref030]\]. However, whether the differences observed in that study and in our work are associated with both tick species and habitats requires further examination. In addition, this study revealed sex-specific differences in the bacterial communities present in the *I*. *persulcatus and I*. *pavlovskyi* ticks. Our data are consistent with results observed in analyses of the microbiome of *A*. *americanum* ticks \[[@pone.0131413.ref029]\].

Three prevalent bacterial genera---*Acinetobacter*, *Rickettsia*, and *Francisella*---accounted for 68% of the microbiomes of the studied tick species. The *Acinetobacter* bacteria are free-living aerobic saprophytes with oxidative metabolism. Some *Acinetobacter* species are typical representatives of nosocomial infections. These bacteria have been found in arthropods, including ticks \[[@pone.0131413.ref042]\]. 16S profiling has allowed for the detection of *Acinetobacter* in *I*. *ricinus*, *I*. *ovatus*, *I*. *persulcatus and H*. *flava* ticks in small amounts \[[@pone.0131413.ref027],[@pone.0131413.ref030]\], whereas we detected these bacteria in all of the assayed pooled samples in considerably larger amounts from 8.8 to 74% of the microbiome. Other free-living aerobic saprophytes, including various members of the family Pseudomonadaceae, were also detected in all pooled samples examined, though in smaller amounts.

The share of bacteria belonging to the genus *Rickettsia* in the *I*. *persulcatus* and *D*. *reticulatus* microbiomes was large versus that of the *I*. *pavlovskyi* microbiome, in which *Rickettsia* spp. were fewer. It is unclear whether this is determined by a considerable variation in the rate of rickettsia-infected ticks in particular sampling sites or by different tropism of *Rickettsia* spp. to these tick species, including two closely related ixodes ticks species. Earlier investigations demonstrated that the occurrence of *Rickettsia* spp. sequences can be high in both *I*. *persulcatus* and *D*. *reticulatus* \[[@pone.0131413.ref011],[@pone.0131413.ref031],[@pone.0131413.ref043]\]. The 16S rRNA gene fragments used for amplification are highly conserved within the *Rickettsia*, which hinders their species-level identification. Nevertheless, this allowed for detection of DNA indicating the presence of the Rickettsiales bacterium "Montezuma", a recently discovered bacterium, which has not been affiliated with any of the Rickettsiales families and forms a separate cluster in this order \[[@pone.0131413.ref044], [@pone.0131413.ref045]\]. Before this study, the Rickettsiales bacterium "Montezuma" had been found only in *I*. *persulcatus* ticks, whereas we for the first time detected it in *I*. *pavlovskyi* ticks.

The genus *Francisella* is composed of gram-negative intracellular parasites, in particular, the tularemia (*F*. *tularensis*) and septicemia (*F*. *philomiragia*) agents. The bacteria of this genus account for approximately half of the *D*. *reticulatus* microbiomes (both male and female) versus 0.1% of the microbiomes from the examined *Ixodes* tick species. Earlier investigations showed the presence of *Francisella*-like endosymbionts in *D*. *reticulatus* ticks \[[@pone.0131413.ref038]\] and a high infection rate of *D*. *variabilis* ticks with *F*. *tularensis*, though, this high rate of infection was inconsistent with the rare transmission of this disease via tick bites \[[@pone.0131413.ref046]\]. Meanwhile, the presence of *Francisella* spp. bacteria in the *I*. *persulcatus*, *I*. *ovatis* microbiomes was not demonstrated \[[@pone.0131413.ref030]\]. So, we could hypothesize that *Francisella* spp is a common member of microbiomes associated with different species of the *Dermacentor* genus.

The bacterial pathogens belonging to the genera *Borrelia*, *Ehrlichia*, and *Anaplasma* are known to be detectable in *Ixodes* ticks \[[@pone.0131413.ref001],[@pone.0131413.ref002]\]. We also identified DNA sequences of the bacteria belonging to these genera in the pooled samples of *I*. *persulcatus* and *I*. *pavlovskyi* ticks with both *B*. *burgdorferi* s. l. and *B*. *miyamotoi* found in these two tick species. Recently, *B*. *miyamotoi* was isolated from *I*. *pavlovskyi* ticks inhabiting Hokkaido, Japan \[[@pone.0131413.ref047]\] and here we first report the presence of *B*. *miyamotoi* in *I*. *pavlovskyi* ticks in Siberia. These results indicated that *I*. *pavlovskyi* along with *I*. *persulcatus* could be a common tick vector for this pathogenic bacterium. No borrelias were detected in *D*. *reticulatus* microbiome, which is in agreement with some studies of these ticks in other regions \[[@pone.0131413.ref048]\]. Sometimes, borrelia DNA could be found in solitary *D*. *reticulatus* ticks, but this vector is not competent to transmit *Borrelia* spp. \[[@pone.0131413.ref014],[@pone.0131413.ref049]\]. In our study, *D*. *reticulatus* ticks were collected in a sampling site where this tick species was dominated, while *I*. *persulcatus* and *I*. *pavlovskyi* ticks were rare species. Therefore, the possibility for *D*. *reticulatus* ticks to feed on the same reservoir host as ixodes ticks and acquire *Borrelia* spp. was low. DNA sequences of *A*. *phagocytophilum* were revealed in both *Ixodes* tick species as well. Notably, this is the first report of *A*. *phagocytophilum* and *Candidatus* Neoehrlichia mikurensis in *I*. *pavlovskyi* ticks. In *D*. *reticulatus* pooled samples, DNA sequences from bacteria belonging to the genus *Ehrlichia* were detected, which is the first discovery of these bacteria in this tick species. Further examinations are necessary to determine *Ehrlichia* genetic variants associated with *D*. *reticulatus* ticks.

In summary, 16S metagenomic profiling of the bacterial communities associated with *I*. *persulcatus*, *I*. *pavlovskyi*, and *D*. *reticulatus* ticks collected in the Novosibirsk region of Russia indicated that only several bacterial taxa with high abundance form the major share of microbiomes in all studied tick groups. This approach confirmed the results of long-term examination of bacterial pathogen occurrence in *I*. *persulcatus* ticks in Novosibirsk region and revealed that the spectrum of infectious agents found in the less-studied *I*. *pavlovskyi* and *D*. *reticulatus* ticks was wider than previously thought. Thus, this approach could be used for rapid assessment of the occurrence of medically important bacteria in tick populations inhabiting different natural biotopes and could therefore determine the epidemic danger of particular foci of infections transmitted by ticks.
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###### MEGAN comparsion of taxonomic structure of tick groups.

Samples in the tree were merged by tick species and gender. The height of the bars cohered to the log-scaled number of hits for each taxon.
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Click here for additional data file.

###### Share of all bacterial taxa in samples.

Each sheet in the file describes share of taxa for specific taxonomic level: genus, family, order, class. Taxonimic level is given on the sheet name.
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Click here for additional data file.
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